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Q 65: Precision spectroscopy of atoms and ions III (with A)

Time: Friday 11:00–12:45 Location: f428

Q 65.1 Fri 11:00 f428
Spectroscopy of hyperfine structures and isotope shifts in
the sequence of 97-99 technetium — ∙Tobias Kron1, Rein-
hard Heinke1, Sebastian Raeder2, Tobias Reich3, Pascal
Schönberg3, and Klaus Wendt1 — 1Institute of Physics, Mainz
University — 2GSI Helmholtzzentrum für Schwerionenforschung,
Darmstadt — 3Institute of Nuclear Chemistry, Mainz University
One of the dominant fission products of uranium is technetium-99,
which is generally extremely rare in nature, due to the fact that
all isotopes are unstable. With a long half-life and its strong 𝛽−-
radioactivity, 99Tc is one of the major radiotoxic long-term remnants
of nuclear reactors and atomic bombs. On the other hand, knowl-
edge on atomic and nuclear properties of technetium isotopes is rather
scarce due to their rare occurrence. Both, ultra-trace determination as
well as investigations of nuclear structure are of relevance and require
extensive atomic spectroscopy as input.

This talk presents first results of high resolution resonance ionization
spectroscopy on the isotopes 97−99Tc. Measurements were carried out
on smallest samples in the order of 1012 atoms or less, using a high rep-
etition rate laser system. The hyperfine structures and isotope shifts
of several transitions were investigated, giving new information on nu-
clear structure and deriving the so-far unclear nuclear spin of 98Tc.
Experimental linewidths around 100 MHz were achieved by using a
frequency-doubled pulsed injection-locked titanium:sapphire laser in
combination with a newly developed ion source with a perpendicular
laser-atom beam geometry in a radiofrequency quadrupole structure.

Q 65.2 Fri 11:15 f428
Identification of the splitting and sequence of closely-
spaced energy levels by analyzing the angle-resolved fluores-
cence light — ∙Zhongwen Wu1,2, Andrey Surzhykov1, Andrey
Volotka1, and Stephan Fritzsche1,3 — 1Helmholtz Institute Jena,
Germany — 2Northwest Normal University, China — 3University of
Jena, Germany
The energy-dependent photoexcitation and subsequent fluorescence
radiation of atoms have been investigated within the framework of
second-order perturbation theory and the density matrix theory. Spe-
cial attention has been paid to the angular distribution of the char-
acteristic x-rays from (partial) overlapping resonances and how they
are affected by the level splitting and the sequence of these reso-
nances, if analyzed as a function of the photon energy of the exciting
light. Detailed computations within the multiconfiguration Dirac-Fock
method were carried out for the 1𝑠22𝑠22𝑝63𝑠 𝐽0 = 1/2 + 𝛾1(~𝜔) →
(1𝑠22𝑠2𝑝63𝑠)13𝑝3/2 𝐽 = 1/2, 3/2 → 1𝑠22𝑠22𝑝63𝑠 𝐽𝑓 = 1/2 + 𝛾2
excitation and decay of neutral sodium atoms. A remarkably strong
dependence of the angular distribution of these x-rays upon the level
splitting and even the sequence was found by crossing the resonances.
This dependence arises from the finite lifetime of the overlapping res-
onances. We therefore suggest that accurate measurements of x-ray
angular distribution could be used to identify the level splitting and
sequence of closely-spaced atomic resonances following inner-shell ex-
citations.

Q 65.3 Fri 11:30 f428
Precision isotope shift measurements of calcium ions using
photon recoil spectroscopy — Florian Gebert1, Yong Wan1,
Fabian Wolf1, Jan-Christophe Heip1, ∙Chunyan Shi1, Chris-
tian Gorges2, Simon Kaufmann2, Wilfried Nörtershäuser2,
and Piet O. Schmidt1,3 — 1QUEST Institut, PTB, Braunschweig,
Germany — 2Institut für Kernphysik, Technische Universität Darm-
stadt, Darmstadt, Germany — 3Institut für Quantenoptik, Leibniz
Universität Hannover, Hannover, Germany
In photon recoil spectroscopy (PRS), recoil kicks from photon absorp-
tion near a dipole-allowed transition in a single trapped ion are de-
tected via motional coupling to a co-trapped cooling ion [1].

We present isotope shift measurements of the 2S1/2 → 2P1/2 (D1
line), 2D3/2 → 2P1/2 (non-closed transition) [2] and 2S1/2 → 2P3/2

(D2 line) transitions in the calcium isotopes 40Ca+, 42Ca+, 44Ca+
and 48Ca+ with an accuracy better than 100 kHz by employing the
PRS technique. Furthermore, the isotope shift difference between the
D1 and D2 line of calcium ions has been resolved for the first time.
As a result from the precision isotope shift measurements, the uncer-

tainties of the relative field and mass shift constants in the respective
transitions as well as the mean square nuclear charge radii of these
calcium isotopes have been improved.

[1] Y. Wan et al. Nat. Commun 5, 4096 (2014)
[2] F. Gebert et al. Phys. Rev. Lett. 115, 053003(2015)

Q 65.4 Fri 11:45 f428
A tunable laser with a drift <100 kHz through stabilization to
the Rb D2 line — ∙Tobias Leopold1, Lisa Schmöger1,2, Ste-
fanie Feuchtenbeiner2, Nils Scharnhorst1, Ian D. Leroux1,
José R. Crespo López-Urrutia2, and Piet O. Schmidt1,3

— 1Physikalisch-Technische Bundesanstalt, 38116 Braunschweig —
2Max-Planck-Institut für Kernphysik, 69117 Heidelberg — 3Institut
für Quantenoptik, Universität Hannover
Stable lasers with a narrow linewidth are an important tool for preci-
sion spectroscopy. Here, we present a simple and versatile laser system
for spectroscopy of trapped highly charged ions at sub-Kelvin temper-
atures. While covering the wavelength range from 780 - 890 nm we
reach a linewidth and longterm frequency drift on the 50 kHz level,
corresponding to a fractional instability of < 1× 10−10.

As frequency reference we use a low-cost 780 nm DFB-laser stabi-
lized to a hyperfine transition of the rubidium D2 line by modulation
transfer spectroscopy. The stability of this laser is transfered to the
spectroscopy laser by use of an optical reference cavity. Tunability
over 1.5 GHz in closed-loop operation is possible by means of the off-
set sideband locking technique. We measure the instability of both
reference and spectroscopy laser against a Maser-stabilized frequency
comb.

The laser system presented here will be used for spectroscopy of
the 1𝑠22𝑠22𝑝 2𝑃1/2 − 2𝑃3/2 transition in trapped Ar13+ ions at 441
nm. Sympathetically cooled in a laser cooled cloud of beryllium ions
the 100 Hz natural linewidth is expected to be Doppler broadened to
several 100 kHz.

Q 65.5 Fri 12:00 f428
The ALPHATRAP double Penning-trap experiment —
∙Ioanna Arapoglou1,2, Alexander Egl1,2, Henrik Hirzler1,2,
Sandro Kraemer1,2, Tim Sailer1,2, Andreas Weigel1,2, Robert
Wolf1, Sven Sturm1, and Klaus Blaum1 — 1Max-Planck-Institut
für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg — 2Fakultät für
Physik und Astronomie, Universität Heidelberg
The ALPHATRAP experiment, being a follow-up of the 𝑔-factor ex-
periment at Mainz, aims for high-precision tests of bound-state quan-
tum electrodynamics in electric fields with strengths in the order of
1016 V/cm. These fields are provided by heavy highly charged ions,
such as hydrogen-like 208Pb81+. Furthermore, via the high-precision
determination of the bound electron 𝑔-factor, fundamental constants
such as the fine-structure constant 𝛼 can be determined. The Heidel-
berg Electron-Beam Ion Trap delivers the desired heavy highly charged
ions, which are injected into and manipulated by means of the ALPHA-
TRAP cryogenic double Penning-trap system. The latter is optimised
for heavy highly charged ions and consists of a 7-pole and a 5-pole cylin-
drical Penning trap that are used for high-precision measurements and
spin orientation detection, respectively. This configuration together
with the measurement principle and the current status of the experi-
ment will be presented.

Q 65.6 Fri 12:15 f428
Towards Electron Affinity Measurements of Radioac-
tive Elements: Laser Photodetachment of Negative Ions
at CERN/ISOLDE — Sebastian Rothe2,3,5, ∙Reinhard
Heinke1, Valentin Fedosseev2, Thomas Day Goodacre2,5, Dag
Hanstorp3, Tobias Kron1, Yuan Liu4, Bruce Marsh2, An-
nie Ringwall-Moberg3, Ralf Erik Rossel2, Julia Sundberg3,
Jakob Welander3, and Klaus Wendt1 — 1JGU Mainz — 2EN
Department, CERN — 3University of Gothenburg — 4Oak Ridge Na-
tional Laboratory — 5University of Manchester
Modern on-line isotope separators such as ISOLDE at CERN yield ac-
cess to a wide variety of exotic nuclei. Besides investigations on nuclear
properties of rare isotopes, these facilities allow for detailed studies on
the fundamental atomic structures of the few all-radioactive elements
across the Periodic Table. In this respect, two values are of elementary
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importance: (a) The first ionization potential (IP), i.e. the required
energy to remove an electron from the neutral atom and produce a pos-
itively charged ion, and (b) the electron affinity (EA), i.e. the binding
energy of an extra electron to form a negatively charged ion. For all-
radioactive elements, their knowledge is even more relevant, as they are
required as input for quantum chemical calculations on the behaviour
within chemical compounds. Whereas the IPs of the all-radioactive
elements Polonium and Astatine were precisely measured at ISOLDE
via Rydberg spectroscopy recently, the EAs of these elements are still
under investigation.

The talk will give an overview of the experimental setup as well as
on the measurement technique, applying laser photodetachment spec-
troscopy with a high performance, high repetition rate tuneable laser
system. First results on iodine carried out on a negative ion beam
at ISOLDE are discussed together with alternatives for negative ion
production at ISOLDE and an outlook on the envisaged experiments.

Q 65.7 Fri 12:30 f428
Resonance ionization studies in holmium and a redeter-
mination of its ionization potential — ∙Pascal Naubereit1,
Yuan Liu2, Tina Gottwald1, and Klaus Wendt1 — 1Institute
of Physics, Mainz University, D-55128 Mainz, Germany — 2Physics

Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
The first ionization potential of Holmium as well as many other lan-
thanides was measured around 1978 with rather big uncertainties in
the order of 5 cm−1 using early methods of laser spectroscopy. Values
that are much more precise are obtained by using two or three step
resonance ionization spectroscopy via high lying Rydberg states and
applying detailed analyses of convergence limits of different Rydberg
series.

Here we report on three step resonance ionization measurements into
6snp levels with principal quantum numbers 17<n<59 converging to-
wards the two lowest members of the ionic ground state configuration.
Strong interactions with interloper states, well known for most of the
lanthanides, perturb the Rydberg series below the first IP for Ho. In
contrary the auto-ionizing Rydberg series, observed just above the first
ionization potential, exhibits a smooth behavior in the studied range
from 33<n<57. Correspondingly, the latter was used to reevaluate
the first ionization potential of Holmium with an uncertainty of bet-
ter than 0.1 cm−1. The spectroscopic measurements, which also led
to the identification of a new efficient resonant excitation scheme for
holmium isotope implantation within the ECHo project, as well as the
Rydberg analysis are discussed.

2


